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: 'ﬂ!l.‘wo separate designs for the Yellowtail Dam Spillway and Outlet

‘Works ‘were developed. throug.h ‘hydrauliec: model :gtudies of these
‘structures. :This ‘report. ‘(Hyd-hlh) .discusses ‘the : results of ‘the

initial ‘studies which :are ‘designated "Preliminary The designs S

‘developed ‘from these’ "Preliminary ‘Studies" ‘were never built' ‘because
.changes 'in’ hydraulic requiremento occurred 'berore conetruction ‘was
,started.,a. , , A Sl S 3

The : eeccmd,‘ ‘or "Final Stuﬂies " brougrb about by ‘the - change n -
‘hydraulic:requirements, concern ‘the "final : ‘design: outlet works ;
o rand spi]leay structures. The resulte of ‘these studies are
" 'f"discueee-d 1n Hydraulic Laboratory Report Nos. Hyd-482 and Hyd-h83.
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works (Preliminary studies)* _ R

THE SUMMARY

; Hydraulic model studies of Yellowteil Dem .spillway and outlet
works, Figures 1 through 11, inclusive, were conducted on a 1:5k4 scale

spillway model, Figures 12, 13, and 14, and a 1:28 scale outlet works :

model, Figure 15. The purpose of the ‘study was to develop the hydraulic

design of the tunnel spillway and the hollow-jet valve outlet works, ‘and
to obtain data useful in detigning and operating the prototype structures.

Data ‘and notes taken on the flow in the model structures
showed that the general concept of the,preliminary‘spillway:é%ruCture,
Figures 15.and 26, was satisfactory but that the preliminary concept of
the outlet works, Figure 31,:could be improved by the installation of a
stilling basin, Figures 2, 3, 8, 9, 10, and 11. : :

; As a result of this study the right bank of the spillway .
approach was reshaped, Figures 17, 18, 57, and 58, to improve the flow
conditions in the approach channel. 'The spillway crest section, the
spillway tunnel, and the spillway stilling basin were revised and
recommended as shown in Figures 56 and T8 to reduce the construction
cout of the .prototype-without saqrificing,good'hydraulic flow performance.

The spillway structure was calibrated, Figures 60 and 61, for
both free flow and gate controlled flow for use in prototype operation
of the spillway gates. Other design date concerning the recommended
spillway crest and tunnel obtained from the model are shown in Figures 62
through 66. Other data concerning the recommended -spillway stilling
‘basin design are shown in Figures 76 through T9.

Tests on the preliminary outlet works structures, shown in"

‘Figures 31 through 35, showed the need for an outlet works stilling basin
since the Jets from the hollow-Jjet valves washed the riverbanks which, in

*gee page 1
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the prototype, are covered with talus. The basin recommended for proto-
type -use, Figure 55, was developed, Figures'39 'through 54, inclusive,

in the larger outlet works model and retested in the spillway model to
be certain that the flow conditions in the river channel, Figure 80,
were satisfactory for combined spillway and outlet works flows.

Motion pictures were taken throughout construction of the model,

testing of the 1:54 scale spillway model, and testing of the 1:28 scale -
~utlet works model. These;pictures are assembled in a 16-mm £ilm entitled K
"Hyareulic Model Studies of Yellowtail .Dam Spillway and Outlet Works." : 7

| ACKNOWIEDGMENT

The final plans evolved from these studies were developed through'
the cooperation of the staffs of the Concrete Dems Branch and the Hydraulic
Laboratory Branch. These studies were conducted during the period from
November 1950 to January 1953. The final studies began in October: 1960
and will be reported in Hyd-482 1/ end Hyd-483. 2/

INTRODUCTION

Yellowtail Dem is a part of. the Missouri River Basin Project.
It is located on the Big Horn River about 60 miles southeast of Billings,
Montana, Figure 1. The dam, Figures 2 and 3, is.a-concrete arch-type
dam approximately 1,300 feet long and 500 feet high above the riverbed.
The discharge structures include a spillway, outlet works and powerhouse.

The spillway, Figures 4 5, and 6, ‘located in ‘the left abutment,
consists of two converging gate sections discharging into a concrete lined
"horseshoe" tunnel. The spillway crest is at elevation 3593, 13 feet
above the channel floor of the spiliway approach and 64 feet below the
maximum design reservoir elevation. The spillway tunnel consists of a
transition section in which the tunnel changes from rectangular to
horseshoe, a 45° inclined section in which the tunnel tapers, from a- Lg-foot-
diemeter horseshoe to a 4l-foot-diameter horseshoe, a 320.5-foot-radius
bend, a nearly horizontal section, and a parabolic transition section-that
discharges into a stilling basin at the tunnel portal. Two 50- by 61.66- -
foot radial gates are provided at the spillway crest separated by a '
tapered concrete pier, Figure 7. The picr extends about halfway down the
tunnel incline. The extra length is provided primarily for structural
support of the tunnel rocf.

The stilling basin apron is 448 feet below the Splllﬂay crest
and 25 feet below the top of the end sill of the stilling basin and the
level of the excavated discharge channel connecting the stilling basin to , v
the river chennel. The tunnel outlet portal is 1,T7L.5 feet downstream
from the crest measured horizontally and 120 feet upstream from the end
* of the stilling basin.

%_/Hyd—hS‘E‘ "Hydraulic Model Studies of Yellowtail Dam Outlet Works

FPinal Studies)" by T. J. Rhone

T/Hyd -483 "Hydraulic Model Studies of Yellowtail Dem Spillway
Final Studies)" by G. L. Beichley
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The spillway is: designed to ‘discharge 173,000 second-feet at
‘the meximum reservoir elevation 3657.  Flows will exceed 12,000 second-,
‘vfeet however, only when the reservoir elevation exceeds elevation '3640.
When the ‘reservoir is between elevation 3614 and 36L0, releases of up to
20,000 - :gsecond-feet will be required 4if a flood is approaching from '
:upstream. In this case, the' spillway would be required to discharge. 3
12,000 second-feet, the -outlet works ‘5,000 second-feet, -and the powerhouse
3, 000 second-feet. For spillway: discharges upto 12,500 second-feet, the
energy ‘dissipator at the end of the spillway tunnel performs as.a. "
‘hydraulic jump stilling basin. For greater: discharges the 'jump sweeps
out and the basin performs as a flip bucket. 5

.. The outlet Works . Figures 2, 3, ‘8, 9, 10, and 11, consists of
two. 8& inch-diameter outlets through the dam, controlled with. ‘hollow-jet
valves, that discharge into 'a concrete stilling. ‘basin located ‘adjacent
to and to the right of the powerhouse at ‘the ‘toe of the dam. The outlets
‘discharge a maximum of 2;500. ‘second-feet -each. In the preliminary plans
the - outlets discharged directly into the river channel, but model tests
showed the need for a stilling basin. The ‘basin developed for ‘use is of
a type which may be included in the powerplant structure.,‘

The powerplant, Figures 2 3, 8, lo and ll located at the toe
of the dam accommnodates four main generating units. Each unit is.
designed to- discharge approximately l 5500 second—feet.

THE MODELS

: Two models were - used in ‘the investigation.. One was a 1:5k
scale reproduction of the spillway and surrounding area, -including the
powerhouse ‘and: outlet works, Figures 12, 13, and ‘14. The.other model
was ‘& 1:28 scale reproduction.of the outlet works stilling basin and
surrounding area, Figure 154 ‘ ,

The Spillway Model

The spiliway: model Figure 12, consists of three main yarts:
(1) the reservoir area: surrounding the spillway entrance; (2) the
spillway structure consisting of ‘the gate . section, .the tunnel, and the
stilling basin; and (3) the tail ‘water area consisting of :the powerhouse,
the outlets, and the river channel extending from the .powerhouse to
1,000 feet downstream from the. spillvay portal. ‘This model was =~
constructed to a L: Sh scale.
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The ‘Regervoir

The reservoir was contained in a head box which allowed repro-
duction of the topography for 300 feet upstream from the spillwey crest
and approximately 300 feet to the right and 100 feet to the left of the
spillwey center line. Topography in the reservoir area was modeled of
concrete mortar placed on metal lath which had been nailed over: ‘wooden
templates shaped to the ground surface contours as shown in Figure 13A.
The surface was given s rough ‘finish" to simulete the netural topography
of the prototype.

jSpillway Structure

Gate section. The gate section consists ‘of the crest, gates,
and center pier. The crest wes molded in cement ‘mortar, Figure 13D.
Sheet-metal templates accurately cut and placed were used as guides,
Figure 13B. Piezometers were installed in the spillway crest and con-
sisted of 1/16-inch inside-diameter brass tubes soldered at right angles
to the profile shape of the template ‘and filed flush Figure l3B

 The redial gates were constructed of l6-gage sheet metal c
Threaded rods with & crank handle were provided for regulating the gate
opening. :

The center pier for the preliminary design was constructed of
wood, Figure 1lbA. The pier was soaked in linseed oil ‘to prevent warping.
In the recommended design the portion of the pler extending over the
crest section was constructed of sheet metal while that portion extending
into the tunnel was constructed of - transparent plastic.

Tunnel. In the preliminery design the upstream portion of the
tunnel transition containing the center-pier, shown in Figure 12, was
formed of sheet metel, Figure 13C. The remainder of the tunnel, down-
stream to the transition section. preceding the stilling basin, was molded
in transparent plastic. Wood patterns, Figure 14B, were accurately shaped
for use in molding the plastic tunnel sections.. The plastic sections were
then flanged and bolted together using waterproof grease between flanges
to prevent leakage. Plastic piezaometers having.a l/lé-inch inside
diameter were inuserted at regular intervals: along the invert and crown -
of the tunnel.

The tunnel transition. section preceding the stilling basin in
the preliminary design was molded in cement mortar similar to the method
used for construction of the crest section. Piezometers were inserted
along the invert in & like manner. The top of this section:of tunnel
was left open for observing flow conditions. .In the'recommended design
this trensition section and the upstream transition section conteining
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the pier were rebuilt of tra.nspa.rent ﬁ@atic s the sa.me as the rema.inder
‘of ‘the tunnel. .

. ‘Hydraulic loss’es‘.-, Head losses: d.ue to friction in ‘the model are
usually greater, proportionately, than indicated by the model scele v
because surfaces sufficiently smooth to represent prototype surfaces to
scale do not exist. Therefore, to maintain the scale velocity of the
flovw entering the stilling basin, it was necessary to either increase the
slope of the tunnel or reduce the horizontal length. To maintain proper
geometric similitude at the Junction of 'the tunnel and ‘the stilling basin,
it was better to reduce the tunnel length-than to increase the tunnel
slope. For developing the design of ‘the. stilling ba.sin, it yas important
that the velocity of the sweep-out discharge be correctly represented in
the model. The model tunnel length reduction was, therefore, calculated
for the anticipated maximum capacity of the stilling basin, 16,000 second-
feet, at an entrance velocity of 81 feet per: second. The reduction in
length was computed to be 8.83 feet in the model or approximately 477 feet
in the prototype. This reduction was based on a prototype roughness
coefficient "n" of 0.01l4 in Manning's equation and a model roughness’
coefficient of 0.009, which represents a prototype roughness coefficient
of 0.0175. Based on these coefficients, the tunnel would have been short-
ened to 10 feet to correct for 173,000 Becond—feet. ‘

Spillway stilling basgin. 'I'he prelimina.ry basin ha.d a concrete
floor with sheet-metal sidewalls. Sheet-metal templates accurately cut -
and placed were used as guides in molding the floor to correct elevation.
In the recommended design, the upstream portion of the basin was molded
of transparent plastic while the downstream protion, which was open a.t
the top, was constructed of wood presoa.ked in linseed: oil. ,

The Tail Water Area

Qutlet works. . In the preliminary design, the: outlet works con-
sisted of two 90-inch hollow-Jet valves . ‘discharging directly into the
river channel from the valve house shown in Figure 12. No stilling basin
was provided. Since the model valves were only 1. 8 inches in nominal
diameter, they were constructed of plastic with no provision for flow
regulation. The va.lv es thus operated in the 100 percent open position in
the model. A recess was molded into the riverbed dowmstream from the out-
let valves and filled with 3/8-1nch crushed rock which provided a movable
bed for erosion studies. In the recommended design, a stilling basin was
installed: along the right bank adjacent to the powerhouse.

Poverhouse. The model powerhouse training walls and draft tube
outlets were constructed of wood as shown in Figure 12. Measured flows
were introduced into the model, passed through a baffle system, and
released through the draft tubes in such a way that the discharge and
velocity leaving the structure represented prototype flow conditions.
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‘River channel. A length of river channel extending from the
powerhouse to approximately 1,000 feet dowvnstream from the spillway
portal was simulated in the mod.el as shown in Figure 12. Topograrhy
was first molded in 3/h-inch gravel , then covered with a 3/h-inch layer
of cemen‘c mortar.

Water Supply

‘Water was supplied to the modelpfr'om the laboratory's permanent
supply system. All flow entered the head box and was measured by cali- -
brated Venturi meters. The portion of the flow to be passed through the : v B
powerhouse and outlet works entered & supply pipe connected to the head ‘ ;
box and was measured by means of & bend weter calibrated in place and
shown in Figure 12. The ‘differential pressure between the inside wall
of the bend and the outside wall was used to calibrate the bend meter
for a range of discharges. To again-divide the flow and meesure the
portion to be passed through the outlet works, a piezometer was installed
1 diameter upstream from one of the hollow-jet valves. The discharge o

pressure relationship at the piezometer was determined from calibration
tests with the structure and piping in place. The valves could there-
fore be regulated so that proper division of the flow 'could be made
between the spillwey and the powerhouse and outlet works ‘structures,
then further divided between the outlet works and the powerhouse.

Water-surface Elevations _

The. reservoir water-surface elevation was meagured by means of : 2
& hook~gage-in-well :shown in Figure 12. Water-surface elevations in the . ‘.
river channel were controlled by a tailgate at the downstream end of the
model. Two staff gages and a point gage were used to measure the eleva- .
tion of the water surface in the river channel at three locations. Staff
gages were used at the powerhouse and near the spillway stilling basin
e while the point gage, shown in Figure 12, » vas used near the downstream
g end of 'the model at about Station 21H-00

The Outlet Works Model

The outlet works model, Figure 15, constructed to a 1:28 scale,
utilized two 3-inch hollow-jet vaelves to represent the two 84k-inch valves
of the prototype. The valves discha.rged into a stilling basin with an v
erodible bed downstream.

The 3-inch valves were operating models carefully machined of N
brass. The stilling basin was constructed of wood, however, the center ’ g«
wall and one training wall were covered with sheet metal. The other wall

was the glass side of a test flume and provided means for observing the
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flow throughout the depth .of the "ba.sin. The river channel topography
was molded in sand to provide ‘a°'movable bed for studying erosion
characteristics of the flow from the basin. : ,

Water was supplied to the ‘model from a portable vertica.l pump
through an 8-inch line to a manifold where it was divided between the:
3-inch pipes supplying the hollow jets. A portable 8-inch orifice ‘
Venturl meter wes used to measure the discharge. The plezometric head

on the valves was set in the model by opening or ‘closing the hollow-jet
valves and observing the pressure 1 diameter upstream from each valve

 where & piezometer and water manometer had been installed. Water-surface

elevations in the river channel were regulated with a tailgate and
measured by use of the tail water staff gege, shown_ in Figure 15.

| THE INVESTIGATION

Purpose and Scope

‘ The primexry purpose of the investlgation was to develop the
hydraulic design of the spillway and outlet works structures and to

determine the effect of operating the three discharge structures singly,

in pairs, or all together. In developinb 7the spillway design, it was
necessary to study the characteristics of the flow as it approached and

- passed through the spillway as well as the characteristics of the flow

as it entered and flowed through the river channel. Two spillways were
tested; the preliminary spillway utilized a LU5-foot-diameter horseshoe
tunnel while in the recommended design the diameter was reduced to 4l
feet. Each was tested with modifications to the entrances and exits.

In developing the outlet works stilli'ng ‘basin, after preliminary

‘tests on the 1:54 model had shown the need for an energy dissipator, it

was necessary to study the flow in the stilling basin and in the river
channel. The stilling basin developed in the 1:28 scale model was then
reconstructed in the 1:54 scale model: and ‘tested. with and without the

powerhouse and spillway operating.

Preliminary ‘Spi'll’way‘ =

The preliminery spillway tunnel had a 45-foot-diameter horseshoe
cross section, Figure 16, and meny of the features used in the recommended
spillway were developed using ‘the preliminary tunnel. The shape of the
spillwaey approach, the general arrangement of the converging spillway
bays, and the general concept of the spillway stilling basin were deter-
mined Wsing the preliminary tunnel. Final developments were made using
the recommended smaller tunnel. - ’ , v ‘
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Spillwax Approach

'.L'he maximum design - discharge is shown approaching the pre- B
liminary spillwey in Figure 17A and B. ‘Some disturbance occurred along
the right wall :of the excavated approach channel. The :disturbance was
less for -smaller flows. To minimize this disturbance, the excavated
right wall of the approach channel was reshaped, as shown in Figures 17
and 18. The recommended shape perfomed very well, as ‘shown in Figure 17D

.. A water-surface drawdown condition occurred around the nose of
the center pier, as shown in Figure 19. To reduce the drawdown. condi‘bion
a pier nose more pointed than the preliminary one was used in the -
recommended design, as described later in "'.I!he Recommended Spillway"
section of this report. ‘

‘Crest Section

:Calibration. The preliminary free discharge calibration test,
Figure 20, showed that ‘the spillway discharged ‘the design flow of 173,000
second~-feet at about 1.50 feet less head then the anticipated design
elevation. Therefore, to reduce excavation costs, it was recommended -
' that the approach floor be excavated only to -elevation 3580 instead of
_.elevation 3570 as preliminarily designed. With the approach floor =
elevation raised 10 feet the spillway still passed the design flow withf
~ the reservoir 0.6 foot below design elevation.

Coefficients of discharge for the spillway vere computed from
the equation _

" Q. 1is the diecharge in second-feet
C is the discharge coefficient
L is the crest length between piers
H is the difference in elevation of reservoir and crest

With approach floor -at elevation 3570, the coefficient for design flow e
is 3.48. wWith the floor.at elevation 3580, it is 3 L3.

Pressures. Preseures were ,measured.on -the spillway crest for
a range of free flow discharges and gate controlled discharges using
both gates. No subatmospheric pressures were recorded» as shown in
Figure 21. ' . ‘ o '

‘Water surface. ‘Water-surface profiles, ahown in Pigure 22,
were measured along the left side .of “the center pier, along the right ,
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training wall, and’ along the center line of the left bay for the. de51gn
flow of 173, OOO second-feet. The profile in the right bay was also
obtained for discharges of 60,000,.125,000, and 173,000 second-feet" by
photographic record &s :shown in Flgure -23. The flow profiles were .
satlsfactory. : : P .

sTunnel

- Flow through the tunnel is shown in ‘Figures 24 and 25 for dis-
charges of 20,000, 60 ,000, 125, 000 and 173, OOO second-feet. A standing
water fin occurred in the inclined tunnel and was most promlnent for. the
smaller discharges. The Tin was: caused by Tlow ‘convergence :after passing
‘the c¢nd ‘of the ‘center dividing pier. ‘The pier, which extended well down
into the inclined tunnel, could not be eliminated or shortened ‘because.
it was needed for ‘structural support of ‘the tunnel roof. Pressures were‘
‘measured at three plezometers located on the 'center line of +the ‘tunnel
downstream from the pier, ‘as.shown in Figure 24, No: subatmospherlce- :
pressures were found for any: dlscharge.. ‘Flow through the entire tunnel,
including the horizontal portion, was: satisfactory., Observations of
the flow in the converging section of the upstream transition suggested
the ‘possibility that the convergence angle could be increased to provide
a shorter transition section:and reduce the overall cost of this portion
of the structure. Conferences with the designers indicated ‘that they
were of the same opinion. It was decided that the conwergence angle
‘could be increased ‘from h° to 6° or more.

Observatlons and- measurements of the flow depth in the tunnel’
indicated that the tunnel flowed only about two-thirds full at maximum
discharge. Since ‘insufflation of air and bulking of the flow at this "
discharge would be negligible in the prototype, and :since the:most
economical spillway possible was de51red, it was suggested to the
designers that the cross- -sectional area of the ‘tunnel be reduced. It was.
suggested, since the tunnel was:open for: ventilation at both ends and
flow through the tunnel was unusually smooth and uniform, that the tunnel
be designed to flow'O. 8 full, :

To determine the tunnel size that would produce the desired .
flow depth for the maximum discharge, the model discharge ‘was increased
- until the depth of flow was 0.8 of the tunnel height., ;A‘dischargeaof
200,000 second-feet was reqpired. .Since 173,000 second-feet is the
maximum design discharge and the scale of the model 1s 1:54, then

(§$§ 209) = (%) g

. where X is the model scale if . 200 OOO second—feet 1s scaled down to
173 000 second-feet .
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X =‘50§8

The revised height of'tunnel oross sectlion therefore is

igﬁ— (45) = ue 3 feet

Actually, 42.3 feet is still larger than required ‘to produce the desired
depth of flow because the 'head on the crest with the 200,000 discharge
was not to proper scale by the ratio of 54 to 50.8. With the higher
head, the velocity of flow would have ‘been increased -and the depth
decreased for a given flow. Therefore, it was decided to. construct and
test a Ll-foot-radius horseshoe tunnel - and to increase the convergence
angle of the spillwey bays. :

Spillway Stilling Basin

Preliminary basin. ~ While the plastic tunnel for ‘the revised
 spillway was being fabricated in the shop, the preliminary . spillway
stilling basin, Figure 26, was tested. In testing the stilling: ‘basin,
the water-surface elevation in the reservoir was as shown in Figure 20.-
The water-surface elevation in the river channel was controlled to :
represent the expected prototype elevatlons at Station 2h+00 Figure 27.

The stilling basin discharging is. shown in Figure 28.. For low
flows a hydraulic jump formed in the stilling basin but at approximately‘
14,000 second-feet free discharge the jump swept out. For discharges .
over 1,000 second-feet, the basin performed as a flip bucket to project
the jet of water downstreamw‘ The jet from the basin acted as an ejector,
pushing the flow down ‘the- narrow, river channel and tending to dewater the
river channel upstream of +the’; ispillway. The concrete weir provided -
downstream from-the powerhouse, shown in Figures 2 and 3, was necessary
to maintain proper depths over the draft: tubes. For: discharges ‘between
15,000 and 25,000 second-feet an eddy occurred in the river:chamnnel
upstream from the jet and to the right of the basin which helped to hold
some water in the powerhouse tailrace.

, For the maximum design flow of 173 000 second-feet the jet
struck the river channel bottom. approximately'héo feet downstream from

the end of the basin. The diverging right hand wall of the stilling
basin did not aid in .spreading the Jet.

For all hlgh discharges the flow, after. striking the channel
floor, zigzagged from side to side, washing high on the canyon walls,
as shown in Figures 12 and 28D, In ‘the prototype the canyon walls are
covered with talus material which would likely wash into and dam up the
channel during periods of high discharge. This, of course, is.an. ‘
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undesirable condition since a dammed-up channel would probably reduce ‘the '
‘powerplant head and, therefore, . need.: ‘to ‘be cleaned out. However, it is
intended, ‘based cn flood frequency curves, that the releases will seldom
‘be more- than 20.000 ‘second - -feet, part of which will be handled by the
powerplant and® outletxworks. ‘The spillway'w1ll seldom be ‘required to
discharge more than the stilling basin capacity. It should be realized,
however, that when spillway flows exceed 1k ;000 second- feet, the basin
will flip water into the river. channel and some cleanup of talus
material might become necessary. f :

: In the preliminary design, the stllling basmn apron was con- il
structed downstream from the exit portal of the tunnel. ‘After the first v
tests ‘1t was suggested that the basin‘apron be moved upstream . so that the
tunnel itself could be used:as part of the basin, resulting in a more
economical :structure with the overall length of the spillway structure :
reduced. : e . ~ I

- The: distance - that ‘the basin apron could be moved: upstream ‘'was
dependent upon the water-surface profile in the tasin. If the apron was
‘moved too far upstream, the water surface would strike the roof of the
tunnel ‘portal. Therefore, water‘surface profiles were measured for the
design flow of 173,000 second-feet and for the stilling btasin:capacity
of 114,000 second-feet, Flgure 29A, since for these two discharges the -
water surface would be higher than at any other time. The profiles show
that it is:possible to move the basin’ upstream, however, the basin was -
further developed before 1ts locatlon was’ changed in the ‘medel.

Modlflcatlon of‘prellmlnary,ba51n. To prov1de a more
ecoromical basin, the basin apron and the excavated discharge channel
bottom were elevated 10 feet to elevations 3145 and 3170, respectively.
This modification reduced ‘the amount of excavation requlred ‘and ‘also
reduced the length of the transition to the basin. - The rerformance was
similar to the preliminary . basin:even.as to:the quantity of flow regquired
to sweep out the hydraulic: jump.‘ The ‘jump remained -in the b331n for
13,900 second-feet but was swept out for 14,000,

Water-surface_proflles,'Flgure 29B,,were again measured, as for
the preceding basin, to 'determine how far the basin could be moved
upstream. It was found that even with the elevated floor the basin could
be moved several feet upstream 1nto the tunnel w1thout rlsklng closure at
the -exit portal.

Pressures were recorded: aloqg the invert of the tunnel-to- ;
stilling-basin transition for a range of discharges as shown in Figure
"30. . Pressures vere :subatmospheric for only the ‘higher discharges :and
these were not excessive. For maximum ‘discharge ‘the largest subatmos- ‘
pherlc pressure’ recorded was S5.h feet of water at: Plezometer 3. 1located i

//
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approximately 4o feet downstream from the start of the transltion.
Pressures were therefore satisfactory.

Testing was continued with this basin moved: upstream into the
tunnel after the recommended tunnel ‘was installed in +the model. The
final tests are dlscussed in "The Recommended Spillway" section of this
report.

Powerplant Tallrace and Outlet. wOrks

The preliminary design of the powerplant tailrace and outlet
works is shown in Figure 31. 'The powerplant ‘contains four turbines and
the outlet works two-80-inch hollow-jet valves.: The turbines:are -
designed to discharge approximately 1,600 second-feet each and the hollow-
jet valves approximately 4,000 secondufeet each, The hollow-jet vdlves
discharged directly into the river channel from & valve house on the right
bank downstream from the powerplent. No: stilling basin was provided.

The powerplant tailrace contained a concrete weir to" maintain the proper
tail water depth above the draft tubes.

With reservoir elevation 361& and the outlet valves. discharging
their combined maximum flow of 8,200 second-feet, the powervlant dis-
charging 3,200 second-feet, and the.spillway discharging.B,éOO second-
feet to produce a river discharge of 20,000 second-feet, as shown in
Figure 32A, wave action along the right bank of the channel was rather
severe. With the spillway not discharging, the jets from the wvalves
washed high on the left bank, particularly when the powerhouse was not in
operation, as shown in Figure 32B and C. 'Either case is undesirable for
prototype operation because -of ‘the danger of washing talus material into
the river channel and causing a rise in tail water elevation in the
powerhouse tailrace. Reduction of head on :the powerplant or frequent
cleaning of the channel was not:desirable.

Another undesirable flow.condition existed when the spillway,
outlets, and powerhouse were all operating as shown in Figures 32A and
33. A large unstable eddy occurred upstream and to the left of the valve
jets. The eddy caused the water upstream of ‘the weir in the powerplant
tailrace to rise to elevation 3175. At this elevation the eddy ceased
and water flowed downstream from the tailrace area until the water sur-
face in the tailrace was lowered to elevation 3174k at which elevation the
eddy began again. The cycle was repeated over and over again. This
fluctuation in level at the draft tube outlets- was con31dered undesirable
for best powerplant performance, . - S

A suggestion that*fhe‘outlets be ‘moved to the left,‘adjacent
to the powerplant draft tubes, so that the valves could be aimed more
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directly d.ownstream could not be ‘adopted 'beca.use of structural reasons.
A stilling ba.s:l.n va.s then suggested. ’ ;

The idea was Pirst explored in the model by preparing an
erod.ible bed in which the Jets from the horizontal outlet valves could .
scour & natural basin. The scour hole would, thereby, indicate the
natural loca.tion and depth to which a ba.sin could be exca.va:t:ed.. ‘

To detemine the extent of the ‘basin, two erosion tests were
run es shown in Figures 3% and 35. Each began with the powerhouse dis- -
charging 3,200 second-feet and the tallrace water surface at the expected ;
elevation 3179. The tail water control ga.te setting was not changed
during each test, but the discharge in the channel was increased over a
period of approximately 30 minutes to 20,000 second-feet by adding the
outlet and spillway discharges in two probable operating sequences as
furnished to the laboratory by the designers. For each test, the eleva- .
tion of the bar of deposited material was also measured and found to be
at elevation 3181. The average depth of scour was to elevation 3145.
This occurred quite some distence downstream from the outlets. Toward
the end of each test, as the scoured hole was formed, the appearance of
the flow in the powerhouse tailrace and river channel was only slightly
improved. It was, therefore, found that an excavated basin would need
be very large and would still not quiet the flow very satisfactorily.

It was also noted that after the bar was formed and when only
the powerhouse was discharging, the elevation of the water surface in the
powerhouse tailrace was approximately 2 feet higher than the elevation at
which the tests were begun. Thus, these tests also showed that it is
importaent that a bar of deposited material does not form in the river
channel. As a result of these tests, it was thought that tilting the _
velves downward might reduce the size requirement of the excavated basin,
but that to quiet the flow satisfactorily in as small a space as poss:.ble
an enclosed concrete basin similar to the one recommended for use at
Boysen Dam3/would be required. Such & basin was tested first in the
splllway model and then in & larger scale outlet works model. :

‘Outlet Works Stilling Basin

Preliminary Basin

At this stage of the investigation, the designers reduced the
design capacity of the outlets from 8,000 to' 5,000 second-feet and the
size of the hollow-jet valves from 90 to 84 inches. For maximm reservoir
elevation 3640 at which the valves are to operate s The head was computed
to be 3680 feet at the right valve and 368.6 feet at the left valve.

3/Hyd-283, 'Hydraulic Model Studies of Boysen Outlets," by E. J. Rusho.
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The plastic model hollov-.jet' valves in the 1: 54 scale model were reusedn
for these preliminary basin tests and, therefore, represented 90-inch
valves fixed at 100 percent open. ‘

The preliminary basin, shown ‘in Figure 36 was first installed
in the spillway model and operated as shown in Figure 37 for discharges
of 8,000 and 5,000 second-feet. The roof of the basin .was omitted in
the model and the top of the center and left training walls was at
elevation 318& instead of at elevation 3206 as shown in Figure 36.~

For 5,000 second-feet, it appeared ‘that the preliminary basin
could be reduced in size but that the converglng wells on the sloping
floor appeared to be too low to: completely contain the Jets between ,
them. The water surface was quite smooth, 'but, ‘because the model valves -
were oversized and could not be regulated to produce the design’ head ‘at
the valves, the water surface in the model basin probably appeared to be
‘smoother than if true model valves ‘were used.

To develop the: stilling basin design it was decided to construct
a larger independent model with operating valves and a transparent side
wall on the basin. The model constructed for this -study 1s shown in.
Figure 15. In this model, too, the roof of the basin was omitted and the
upstream portion of the center training wall did not extend to the full
prototype height. The basin utilized two '3-inch model brass valves that
were readily available in the laboratory. One wall of the basin was
constructed with glass for observing flow. characteristics throughout the
entire depth of the basin.

Basin One

The design and construction of the model began before the .
designers had specified 84-inch valves to replace the 90-inch valves.
The 3-inch model valves were to have provided a 1:30 model scale. How-
ever, because the prototype valve size was changed to 84 inches, the
model scale became 1:28. Thus, the model dimensions of ‘Basin ‘One, shown
in Figure 38, represented a prototype whose dimensions were 28/30 of
those shown for the preliminary basin in Figure 36. The width of the :
basin became 18 feet 8 inches instead of 20 feet and the length 197.88 feet
instead of 213 feet. However, the 12-foot-high converging:-walls in
Figure 36 were increased to a. height of 14 feet in Figure 38 because the
12-foot height in the 1: Sh scale model was: considered to be too low.,

The elevation of the valve center line in Figure 36 was
maintained in the 1:28 scale, Figure 38; therefore, it was necessary to
change all other elevations. For example, the basin .floor wvas changed
from elevation 3144 to elevation 3146.4k. However, the center training
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wall was to extend to ‘the ToOf Of the basin at elevation 3206 in the ¥
prototype but extended only to: elevation 3193 in the model. ‘

, Basin One discharging in the 1:28 scale model is: shown 4n

‘l‘Figures'lS, 39a .and -4OA. The ‘basin appeared 'to be too. small to handle

the ‘maximum capacity of 5,000 second-feet at a maximum: operating ‘head.
‘The water surface’ leaving ‘the basin Has a little rough and the converging
walls caused a fine spray. L L

‘Two l-hour model erosion tests were conducted. ' In one of the
tests ‘both valves: discharged ‘a ‘total of 15,000 ‘second-feet ‘with reservoir
‘at elevation 3640. In the other test the right hand valve was closed
‘while the left valve. discharged '2,500 second-feet with the reservoir at
‘elevation '3640. The scour pattern for each test was about the ‘same and
‘18 shown in ‘Figure 39. In each test: approximately 5 feet of ‘scour ‘depth
‘occurred at the downstream left hand corner of the basin. A 8111 ‘at the
downstream end of ‘the basin would probably have improved the scour
:pattern. ‘ g

The basin discharging S,OOG second-feet without the converging:
‘walls was tested to demonstrate the benefit of the wells, as. shown ‘in
Figure 40.  Without the wedges ‘the basin was much too short and energy
~dissipation was poor. ‘

‘ The tests showed “that the performance of Basin One could be
‘improved by eliminating the -spray at the converging walls and by ‘
utilizing the : upstream portion of the basin- to better advantage.

‘Basin Two

, ‘The walls vere reinstalled at: the toe of the slope, as shown in
Figure L1A. The performance of the basin was: ‘improved over that of Basin
One. The wall tops were submerged which eliminated the spray. The Jet
 passing through the constriction followed along the floor of the basin
for a greater distance downstiream, practically eliminating the .surface
boil. The water surface was smoother ‘than for Basin One and the energy-
dissipating action was moved upstream slightly. :

Basin Three

: By narrowing the width of the gap at the downstrean end of the
~walls from 7 feet 11 inches to 4 feet 8 inches in Basin Three, the per-
formance of the basin was further ‘improved. ‘Exploratory tests . showed
‘that further reduction 'in the gap width offered little, if any additional
improvement ‘in performance. "To. compensete -for ‘the narrower ‘gap, ‘the. -
‘height of the converging walls was increased from 14 feet to 22 feet in
‘Basin Three. c
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Basin Three is: shown discharging 5,000 second-feet with reser-
voir elevation 3640 in Figure 41B. Performance ‘was very good. The
ulstream prortion of basin was well utilized, and the ‘water surface in the
basin and leaving the basin wes quite smooth.n ‘The -energy-dissipating
action was moved upstream sufficiently that ‘the length of basin could be
reduced, Further testing was done to reduce the ~amount .of sprey occurring
et the converging walls. , .

Basin Four Recommended

Using the same height of converging walls and gap width as
used in Basin Three, the walls were lengthened to provide a more gradual
convergence starting at the top of the slope. The wall lengths were thus
increased to 46 feet. The performance of the basin in dissipatilg energy
was very good, as shown in Figure 42A," for the design: discharge of 5,000
second~feet at reservoir:elevation 36&0 ‘The :spray at the converging
walls was also eliminated. It appeared that this basin could be reduced
37 feet 3 inches in length. Note/in Figure U42A that the bottom. currents
have left.the floor well upstream from the end of the paved apron.

Pressures were.measured,alongéthe downstream edgeeof the con-
__verging walls at the three piezometers shown in Figure 42A. TFor the
""design discharge, reservoir elevation and tail water elevation all
pressures were above atmospheric.

: Tests with the tail-water below normal elevation were made to
determine the factor of safety against sweep out if the tail water .
elevation in the prototype should be lower than expected. Flgure h3A
shows the basin to perform well if the tail water elevation’is 2 feet
below the expected normal elevation, end not until the tail water eleva-
tion reached 7 feet below the expected: normal did ‘the :flow sweep out,;

- Figure 43B. The factor of safety against sweep-out-was therefore
setisfactory. This basin with the length reduced 37 feet 3 inches was
recommended for prototype construction after ‘Basins Five through Eleven
had -also ‘been tested. 9 ‘

Basin Five

‘Experiments were continued in an attempt to move the energy-
dissipating action even farther upstream so that the basin length .could
be further reduced. For Basin Five, a sill was added to the previously
tested basin, as shown in Figure 42B. The :5ill extended across the full
width of the basin, but tests showed the sill to be located too far
‘downstream. The sill turned the flow immediately to the surface and
caused a very high boil, as shown in Figure 42B.
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Basin Six -

‘'The sill used in Basin Five was moved upstream to the toe of
the slope, as shown in Figure 4lA. The sill was too ‘close to the
converging walls and most -of the flow: passed over the sill, resultlng
in an unstable and wavy water surface leaving the basin, Figure LA,

‘Basin Seven

The sill used in..Basins Pive and Six was relocated 5 feet 10
inches downstream from the toe of the slope, as shown in Figure LLiB.
Much of the energy was: dissipatcd in the upstream portion -of the .basin
so that the basin could probably be shortened about T0 feet. The water
surface leaving the basin was very smooth; however, in the ‘upstream -
portion of the basin a rather high boil occurred, as shown in Figure LiB.
The boil was objectionable in that tke -basin roof beams in the prototype
would probably be submerged and proper ventllation would be prevented.‘

Basin Eight

Basin Eight,: shown in Figure USA, utilized a shorter 'sill
shown in Figure L6 that did not extend from wall to wall. The sill was -
placed on the center line of the basin at the same location used in Basin
Seven. Basin Eight performed ‘better than .any other basin- tested and it
appeared that the basin length could be reduced approx1mately 65 feet.

Most of the flow struck the sloplng face of the sill, but part
of the flow passed over the top to. strike the floor of the bas1n down-
stream. Thus, the sill divided the flow into two parts. The upper- laJer
of the flow passing over the sill ‘prevented the ‘boil that occurred in
Basin Five, Figure 42B. The position of the sill- was, ‘therefore, eritical
in that when the sill was moved upstream or downstream the flow was
‘urned upward to- produce a violent boil. : :

A portlon of the flow that :struck the sloplng face of the sill
was dispersed toward the side walls. Part of the flow striking the side
walls was turned downward to the basin floor and part of it was turned
upward to fall backward into the basin while continuing downstream. No
high boils were created, and the water surface leaving the basin was
very smooth. Almost all of the action:was contained in the upper end of
the basin. The downstream 65 feet of the basin was not used to produce
stilling action and therefore could be ellmlnated.

Pressures on_the‘sill,were recorded for a range of discharges
at the piezometers shown in Figure 46. For 5,000 second-feet and less,
with tail water at elevation 3179, and the reservoir at the.normal
expected elevation 3640, all pressures were above atmospheric.
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Lowering the tail water elevation 1 foot for 5,000 second-feet
reduced the pressure at Piezometer 2 to about 2.5 feet below atmospheric;
other pressures were still above atmospheric. Maintaining the tail ‘water
at elevation 3179, but increasing the discharge to 6,000 and ‘then to :
8,000 second-feet reduced the pressures.at Piezometers 2 and 3 to
subatmospheric. For ‘8,000 second-feet with tail water elevation at 3179,
the pressure at; Piezometer 2 was 21 feet of water below atmospheric and’
for 6,000 second-feet was 3 feet of vater below atmospheric. These, of
course, are not contemplated operatlng conditions, ‘but the tests indicate
the ‘pressure trends. . ,

It was attempted to determine the tail water elevation at whlch
the flow would sweep out of the basin. The tail water was lowered to
elevation 3168, which was as low.as possible in the model, but the flow

~would not sweep out. From a hydraulic standpoint this basin performs .
satisfactorily, and with the length reduced 65 feet would provide -an
economical structure. However, since the effectiveness of the basin is
based on impact action on a small area, it was felt that at high heads
the concrete walls and floor of the basin: might rapidly deteriorate under
continued - operation.

Basin Nine

In Basin Nine, shown in Figure U45B; the sill used in Basin
Eight wvas tilted upstream so that its upstream face was at an angle of"
- 45° with the floor. More stilling action occurred above ‘the sill than
in Basin Eight, and it appeared that- ‘the basin could ‘be made - another 5
or 10 feet shorter than Basin Eight. The stilling action in the upstream
portion of the basin created some water surface roughness ‘there, but the
-water surface was smooth as it left the b351n. ‘ :

YBasin Ten

In Basin Ten, Figure 47, the eleration of the floor was raised
6 feet and the length reduced 70 feet. The sill and sill location were
the same as used in Basin Nine. o RN ‘ '

The basin performance for 5,000 second-feet with reservoir ‘
elevation 3640 was not quite as good as for some of the earlier basins
since ' the 'water surface in the upstream portion of the basin was ‘higher
and rougher. However, the energy dissipation appeared to take place in
a shorter length of basin, and the water surface leaving the basin was
very smooth. The dissipating action appeared to occur in about the same
manner as described for Basin Elght. ,

The ‘basin performed very well in dissipating the - energy of the
design flow for tail water elevations below normal as shown in Figure h8.,
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- more economical to construct. Basin Ten was therefore chosen to. compare
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For tail water elevation 2 feet below normel and even for tail water |
elev~tion T feet below normal the flow did not appear ready to sweep out

ir i much energy dlssipation still occurred in ‘the upstream portion.

Pressures on the sill were measured ‘et the plezometers, shown
in Fi g, for 5,000 second-feet: over a range of tail water. depths.
The ; dr was at elevation 3640. For ‘normal expected tail water'
elev 1179, Piezometer 2 indicated approximately 1 foot of ‘substmos-
phex sure. All others were about atmospheric. . As the tail: wvater
wes , the subatmospheric pressure at Piezometer 2 increased until
at t er elevation 3173 the pressure was about 20 feet below. :
atmos .+ A1l other piezometers still showed pressures 1o be above
atmost. Se : :
Basin Ele.

In Basin Eleven, Figure 7B, the - converglng walls used in Basin -
Ten were relocated ebout 6 feet farther upstream on the sloping floor to
provide more room for stilling action upstream from the- 51ll and to reduce
the height of the :boil.

The height of boil was :reduced from that 'in Ba31n Ten, as :shown
in Figure 47A and B, but the water surface leaving . the basin was not as
smooth.  ‘Also, greater subatmospheric pressures were: measured on- the sill.
Basin Eleven did not perform as well in general as Basin Ten.

Comparison of Recommended Basin Fourfand‘Bas1n'Ten

- 0f all the_basin'modi%ications tested, those incorporated in i,
Basins Four, Eight, Nine, Ten, and Eleven produced the most satisfactory " IR
results. -Basins Eight,:Nine, Ten, and Eleven utilized a sill in addi- S
tion to the long converging walls. Basin Eight: appeared ‘to perform -
slightly better than Basins Nine, Ten, and Eleven, but Basin Ten was

with Basin Four to determine- uhether or not the addition of :a sill near
the base of the slope was practical from the ‘standpoint of p0551ble
aintenance costs versus first costs.

For the comparison'tests,'the basin lengths were reduced
according to the observations made in the previously described tests.
Basin Four was constructed 37.33 feet shorter than Basin One, while
Basin Ten was constructed 63.83 feet shorter than Basin One. A sill was
added at the downstream end of each basin for ‘scour control. ‘The basins,
as constructed for the. comparison tests, are shown 1n Flgure 50.

At this time the de51gners were Lontemplatlng increasing -the .
capacity of the. outlet works to0:6; 000 second feet for ‘reservoir elevation o

a9
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3640 and tail water elevation 3179. The basins were, therefore, tested
for 6,000 as well as 5,000 second-feet.  After completion of these tests P
however, the designers decided ‘to 1imit the maximum capacity of the
outlet works to 5,000 second-feet. :

Basin Four is shown discharging 5 OOO second-feet in Figure 51A
and 6,000 second-feet in Figure 51B. ‘Performance of the basin was not as
good for 6,000 as for 5,000 second-feet. The ca.pa.city of the basin
appeared to be exceeded with 6,000 second-feet; and if the tail water
elevation was lowered 2 feet below normal, the flow was on the verge of
‘sweeping out of the basin, as shown in Figure 51C. Basin Four, therefore,
is not recommended for flows exceeding 5,000 second-feet. Basin Four was
also tested for other anticipated operating conditions. Tests were made
for small ilows and for 5,000 second-feet with the reservoir at elevation
3337. Yor these tests the basin was found to be very: satisfa.ctory, as
previously described in the tests for Basin Four. , ;

Basin Ten was tested for the same conditions described for
Basin Four. Discharging 5,000 and 6,000 second-feet, Figure 52, Basin '
Ten performance was excellent, and the vater surface of the flow leaving
the basin was smoother than in Basin Four. Compare Figures 51 and 52.
For 6,000 second-feet the tail water elevation could be lowered at least
6 feet below normal without the flow sweeping out. Figures 48 and 43
also show that Basin Ten performs better than Basin Four with below normal
tail water. However, for low tail wa.ter, ‘subatmospheric pressures . occur:
on the sill of Basin Ten as previously pointed out in Figure 1&9. 0

For small. discha.rges with high reservoir. eleva.tions, Bas:ln Four
performed better than Basin Ten. The sill produced some water-surface
roughness that did not occur in Basin Four. However, this roughness was
not considered to be o‘bJectiona.ble since it did not- persist downstream
from the basin. ‘ R

Pressures were measured in both basins ~a.t‘;looa.tions‘;considered
to be critical. Pressures on:the sill for Basin Ten are recorded in

‘Figure 49. A pressure head of 84 feet of water was recorded .at Piezometer

1 on the upstream face of the sill for 5,000 second-feet with reservoir
elevation 3640 and tail water elevation 3179. On top of the sill at

Piezometer 2 a subatmospheric pressure of 1 foot was recorded for the same

discharge condition. With lower tail water elevations, the subatmospheric
pressures increased at Piezometer 2:as previously discussed..

Pressures were: a.lso mea.sured at three piezometers, shown in
Figure 50, along the downstream face of the walls to determine whether
‘gubatmospheric pressures might be present. None were found in either
basin. Pressures on the glass wall side of the basins were also
measured. The wall ares was probed, us;l,ng",.a.:mova.ble plezometer, to
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'loca.te the area that was sub,jected to the: highest pressure. The . resul'bs
for the design discharge of 5,000 second-feet with reservoir elevation’
3640 and tail water elevation 31"{9 are recorded in the following table-

“Maxdmym- o o Approximate extent
‘pressure on Iocation .of ‘wall area of ‘area over

wall in = -over which maximum ‘which maximum
£t of water pressure occurs pressure  occurs’

30 " ; A.long floor 12 'to - 1by 3 feet
. ‘14 feet downstreem '
from slope ; :

80 "1 foot above floor 1 by 5 feet
about 10 feet: down- : :
‘ stream from slope.

Maximum - pressures were therefore con31derably 1less in Ba.sm
Four than in Basin Ten. It was for this reason that Basin Four is
recommended for prototype construction. 'Even though Basin’ Ten'was'con-
siderably shorter and probably less costly to construct, it was felt
that the sill, side walls, and floor of Basin Ten. might become daxnaged
by erosive action of the jet and that difficult and expensive maintenance .
problems might result.  On a future structure where the overall head is
less, Basin Ten might prove to be ent:.rely satisfactory.

To complete “the .comparison, eros:.on tests were ‘made on:each
basin as shown in Figure 53. With each basin there was a tendency for
erosion to undercut the sill at the downstream left hand corner of the
basin. Erosion was deeper for Basin Ten than for Basin Four as evidenced
by the fact that the scour-depth for Basin Ten was 4 feet below the basin
floor, whereas, for Basin Four it was only 2.6 feet. Therefore , ‘Basin
Four would not require as much riprap protection as would Basin Ten.
‘Basin Four was, therefore, the better basin in this respect.

Based on these model data, Basin Four was recommended for use
in the prototype, particularly since the designers specified that the
outlets would never be required to discharge more than 5, 000 ‘second-feet
‘and “that either the present Indian Service :‘Dam downstream, or, later an
afterbay dam would always provide sufficient teil water for .Basin Four
~to: opera.te as intended. Therefore, the superior performance of Basin
Ten in discharging 6,000 second-feet at normal teil water and 5,000 or
..6,000 second-feet at very low tail wa.ter eleva.tion can be disrega.rded.

One further ..modiflcation:‘wes;made to Basin Four in later tests.
A curved fTillet was added at the upstream end of -the basin at the inter-
section of the basin ~floor\a.nd~,the sloping entry, -as shown in Figure 10.
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Long and short radii fillets were tested in the model, :all -of which
performed satisfactorily.' The purpose of the fillet was to reduce 1impact

effects on the basin floor and to provide positive ‘cleaning action of
accunulated debris when the valves are first opened. ‘In the model this
fillet did not appear to be necessary to ‘improve the cleaning action .
since gravel deliberately placed in the corners quickly washed out when

~ the valves were opened. . In the prototype, however, the fillets might
aid in flushing out more densely packed debris: ‘and thereby reduce the
possibility of abrasive erosion of" the concrete.

Tests were then conducted to determine Whetker the valves
might become submerged if it ever became ‘necessary to discharge with
above normal tail water conditions. The model was operated with
extremely high tail water elevations, but in no case were the valves . ,
submerged. At all times the jets.were open to the atnosphere .and proper
ventilation of the jets occurred. o

It was evident, however, that the basin did not perfbrm as
well with high tail-gater as with normal tail water when the basin was
discharging 5,000 secdond-feet, as shown in Figure Shk. More air is
entrained in the water in the basin and’ higher waves occur in the basin
and downstream than when the tail water is at: normal elevation 3179.
Tail water elevation 3185.3, shown in Figure 5k, will occur when the
spillway and powerhouse are discharging in addition to the outlets to
produce a total of 20,000 second-feet, Figure 27. Since tail water
elevations higher than elevation 3179 will occur only occasionally, this
characteristic of Basin Fbur was not considered obJectionable.

The recomnended Basin ‘Four, Flgure 55, was then insta«led in
the 1:54 scale model along with the recommended 4l-foot-diameter horse-
shoe spillway tunnel. Basin Four was found to operate as: satisfactorily
in the 1:54 model as in the 1:28 scale model. After completion of the
model studies the recommended basin was- altered slightly as shown on
Figures 8, 9, and 10.

The Recommended Spilluay

The entire spillway, including the crest section and the
recommended 41-foot radius horseshoe tunnel, was redesigned as shown in
Figure 56 and installed in the'lzsh»scale model, replacing the crest
section and preliminary 45-foot radius tunnel shown in Figure 16.

Redesign of the crest section and the converging transition
was made on the basis of recommendations made after observing the pre- =
liminary structure. It was apparent that the convergence angle could be
‘increased from L4° to approximately 6°, thereby shortening -the transition
and reducing the cost, without producing unsatisfactory flow conditions
in the tunnel. Other modifications in the .crest structure were made for
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structural reasons: -and still furfher modifications were made after
completion of the model: study to- simplify prototype conetruction as
shown in Figures 5 and 6. “ S ,

. 'The outlet works basin developed dn the B 28 ‘scale. model tests,
and most of the other modifications recommended during the preliminary
tunnel tests were also incorporated in the model. The entire revised
design was then tested, ‘and further modifications were made before “the
structures were recommended for prototype use. :

Spillway Approach

‘ The spillway: approach channel as developed in Figures 17 end
18, was modified by the designers to provide ‘clearance ‘for. construction
of ‘the right and left spillway .piers. For construction reasons the
designers found it was desirable ‘to cut into ‘the ‘topography at both the
right and left piers. These cuts as first designed, Figure 57, were
installed in the model, Figure 58 ‘and tested.

Flows up to about lO0,000 second-feet were satisfactory, as
shown in Figure 58B, C, and D, but for discharges of 100,000 to 173,000
second-feet a boll- occurred 'in the ‘cutout area on the right. .Other flow
characteristics along the right and left banks were satisfactory. To-
eliminate the boil, 'the extent of the cuts was reduced at both the right
and left piers, as. shown by ‘the recommended rev151on in Figure ‘57.

The center pier nose shape in the preliminary de51gn was also .
revised for the recommended design. ‘The recommended pier nose was shaped
as shown in Figure 59. This nose .is more pointed than the- ‘preliminary
one; and, therefore, reduces the water-surface drawdown effect that was
experienced in Figure 19. ‘The recommended nose‘performed very well ‘as
shown in Figure 58. oy B , : .

Spillway Crest Section

Calibration. The crest section of the recommended spillway,
shown in Figure 53, ‘was calibrated for both gate controlled: and ,
uncontrolled flow. The discharge calibration curves for both .are. shown‘
in Figure €0. After the model study was completed the crest shape was
redesigned as a warped surface, Figure 5, and the gates were redesigned
to the size and position shown in Figure 6. Therefore, the calibration
curves in Figure 60 can only be used in an. epproximate way. for the
prototype . structure.

'The coefficient of free discherge was .computed from the
equation : ‘ '
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q = crm3/2

Q is the discharge in second-feet

L 1s the crest length between piers ‘ ey :

H is the difference in elevation of the reservolr and
the crest ‘ : ;

C is the discharge coefficient

Coefficients for the complete range of heads were computed and
plotted as shown in Figure 60. For the ‘design flow of 173,000 second-
feet, the coefficient was found to be 3.38, which is less than the 3.43
value found for the preliminary design. ‘However, the reservoir elevation
for the design flow coincided with the anticipated design elevation 3657.

To obtain the gate controlled discharge curves shown in Figure
€0, gate openings of 5, 15, 25, 35, 45, and 55 feet were ‘calibrated. =
These data were then plotted in the form shown in Figure 61 from which -
the additional curves shown in Figure €0 were determined. The gate
controlled discharge curves were obtained with both gates open an equal
amount. RN » o R :

Pressures. The shape of the crest, shown in Figure 56, was
not the same as in the preliminary design, shown in Figure 16; therefore,
pressures were measured on the revised crest to be sure that severe
subatmospheric pressure areas were not present. Pressures were measured
on the center line of the right bay, and no -subatmospheric pressures were
found, as shown in Figure 62. o : .

‘Water surface. Water-surface profiles were measured in the
direction of flow over the crest, as shown in Figure 63, for the .design
flow. Water surfaces, in general, were higher in the left bay than in
the right which indicated that the. left bay might .discharge a little =
more water than the right for free flow over the crest. The water surface
was -higher in the left bay because the flow approaches the crest along a
-curved path from the right. Deeper water in the left bay is, therefore,
due to normal distribution of the flow in discharging around & curve. In
the left bay it-is necessary to raise the bottom of the gate to elevation

3648 to clear the water surface. ‘The gate pins were well above the

waterline for the design discharge.
Tunnel

The recommended tunnel is‘shown in Figure 56. In addition to
having & smaller cross section than the preliminery tunnel, Figure 16,
the transition convergence angle was increased from L4° to 6‘10' and the
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details of the crest section were modified to reduce the cost of the
tunnel and simplify the prototype construction. , ‘

The performance of the tunnel transition section was very -
satisfactory for all discharges up to and including the design flow of-
173,000 second-feet, as shown in Figure 64. Flow throughout the
remainder of the tunnel ineluding the lower bend, shown in Figure €5,
was ‘elso very satisfactory.. : ;

Water surface. The water-surface profile for the design flow
shown in Figure 66 was determined from the photographic record in
Figures 64 and 65 and in the motion picture film entitled “"Hydraulic
Model Studies of Yellowtail Dam Spillway and Outlet Works." ' At the
downstream end of the inclined tunnel, just upstream of the bend, the
design flow utilizes more of the cross sectional ares of the tunnel:than
at any other place. However, it is believed that the free area is
sufficient to provide adequate ventllation of -the. tunnel.

Pressures. Subatmospherlc pressures were not expected to ‘occur
along the tunnel crown since the tunnel was well vented at its entrance -
and a:free passage for. air was maintained throughout the tunnel length.
However, pressures were measured along the crown and invert of the tunnel
for the design flow.of 173,000 second-feet.* Pressures along the crown -
of the tunnel were atmospheric while those on the 1nvert were above o
atmospheric. An air pocket formed downstream from the pier nose, “but no
subatmospheric pressures could be .detected there. ‘

Spillway Stilling Basin

: - Basin I. The first stllling basin installed with the hl-foot-
diameter horseshoe tunnel is shown in Figure 67, Basin I. The upstream
end of the basin was located upstream of the exit portal of the tunnel
with the basin floor at elevation 3145 and the discharge channel at
elevation 3170, as was recommended in the preliminary spillway tests.
However, four further modifications not previously tested were made as
follows: one, the basin width was reduced to 41 feet, the diameter of
the recommended tunnel; two, the tunnel transition section joining the
- upstream end of the basin was reduced from 170 feet, as recommended in
the preliminary tests, to 150 feet long; three, a h:1l sloping sill from
the basin apron to the discharge channel replaced the 2-1/2:1 slope that
was used in the preliminary tests; four, the discharge channel was
constructed so that 120 feet-downstream from the end of the basin, the
channel sloped upward 1 on 5 to the natural ground line which was at
about elevation 3200.

Alteration number two was done primarily to‘reduce,prototype
construction costs. The invert trajectory curve, shown in Figure 67, was
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~obtained from simple curves rather than from the ususl parsbolic curve.
‘Alterations three and four were made to provide a deeper pool at the
discharge end of the tunnel so that the discharge channel could act as
part of the stllling basxn when the budket was not operating as a fllp
bucket. g .

Operatlon with this ba31n ‘was poor, the high downstream o
topography in the discharge channel prevented proper exit conditions for
the flow. It was evident that better performance would be obtained if
the 1 on 5 slope was replaced with & horizontal channel flow. ' Therefore,
the slope was removed without further testlng of Basin I. : '

Basin II. Basin II,shown in Flgure 67, was the same &as Basin
I except that the topography in the discharge channel was removed to -
elevation 3170. This made it possible to perform tests on the basin
itself which could not be. made with the higher topography blocking the
downstream flow.

The 4:1 sloping sill produced a clean Jet however, the flat
" 8311 slope did not project the flow downstream as far as was considered
desirable and the basin did not hold the hydraulic jump in the basin as
well as the 2-1/2 sloping sill in the preliminary ba51n tests. No
further tests were made with the k4:1- slope. :

Basin III. Basin III, Figure 67,'was tested with a 2:1 sloping
end sill. The jet leaving the sill appeared unstable and ragged for free
flow with the basin acting as a flip bucket.. The hydraulic jump swept
out of the basin at about 14 000 second-feet which was the same as for
the basin having the 2-1/2:1 slope in the preliminary basin. The sill
appeared to be too steep, therefore, further tests were made using other
sill types. ,

Basin IV. In Basin IV, Figure 67, a curved end sill was tested.'J‘
It did not hold the jump in the basin as well as the sloping sill’ and, '
when acting as a flip bucket, the jet was very ragged, especially so for
discharges near 40,000 second-feet, as shown in Figure. 68. Note the flow
patterns in the plan view photographs of Figure 68. The concentrations
of flow originated in the tunnel to basin transition. Flow entered the
tunnel transition section with uniform depth across its width but as the:
flow left the transition to enter the basin, the bulk of the flow was
concentrated at the center line of the tunnel. After impinging on the
basin floor which spread the flow toward the side walls of the basin,
the sill again spread the flow toward the center. It was concluded that
the steeper the slope the more abruptly the flow from the two sides came
together, and, therefore, the more ragged the Jet._ ‘ ‘




PnsituanRYgSTunlns‘“

Basin V. To reduce the flow concentratlons, ‘a curved floor was
placed at the intersection of the transition floor and ‘the basin apron,
Figures 67 ‘and. 69. Flow concentrations were still evident as. previously
described. The curved fillet was removed from the model before further .
’Jtests were made,

. Basin VI. The curved-face end sill in Basin V was. replaced ,
with a 2-172:1 sloping sill, and an additional 45° sloping 8511l L feet
high at the downstream:end . of the 2-1/2 1 slope, Figure 67. 'The additional
sill was added to extend ‘the discharge limit for which the. hydraullc jump
would remain in the basin. « : ‘

The Jump remained in the basln for dlscharges up to approx1mately
15,000 second-feet. However, the U45° 5111 caused & boil-on the water
surface when the jump was in the ba51n, and the flow, after leaving the
sill, appeared to pass through critical depth to form a ‘second hydraulic
jump. - When the basin acted as-a flip bucket the jet was clean, especially .
fOr'the design flood of 173 ,000 second-feet. The jet arched ‘high and’ -
spread to the full width of the river channel. Because of the poor =
performance with the jump in the bucket, the secondary £i11" was given: no
further con51deratlon.

Ba31n VII. “Basgin’ VII was the ‘same as Besin VI except that the
h-foot sill was removed, Figure 67. This basin produced a satisfactory
.jet .when it . acted.as.a flip ‘bucket, ‘as shown in Figures 70, 71, and 72,
for discharges of: ho 000, 100,000, and 173,000 second-feet, but the basin
did not hold a jump for l3 000 second-feet as: shown in Flgure 73.

~ The ‘basin design showed promlse, however, -and 1nvest1gations
vere made upstream from the basin to Amprove the performance of the basin
1tself. . ,

The transition sectlon to ‘the stilllng basin was 1nvestigated
for pressures along its invert. Since ‘the flow enterlng ‘the ‘tunnel
- transition section was uniformly distrlbuted across the width, and since

. the flow leaving the transition section was. concentrated in the center

of the tunnel as described for Basin v, it wes reasonable to suspect
that subatmospherlc pressures existed along the invert of the transitlon.

: Pressure measured in the tunnel transition section, Flgure 7h
showed that the curvature -of the invert wasg too sharp. Pressures at
some points along the “invert were below atmospheric for discharges of
10,000 to 15,000 second-feet and were about 35 feet of water below
atmospheric for the design discharge. “The transition‘was, therefore,
redesigned ‘before testing continued. ERRE R : o S
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‘Concluding Tests to Develop the Recommended Basin -

‘ Basin VIII, shown in Figure 75 , Was used as.a starting point :
in developing the recommended basin. - The ‘basin ‘epron was at the prelim~:
inary design elevation 3135. The:discharge channel was ‘also lowered to
the preliminary design elevation 31L60. The invert :of the tunnel transi-
tion section had the same parabolic shape and length as in the preliminary
design, but the bottom and sides of the tunnel transition were modified as
shown to reduce construction costs.

Transition pressure tests, Figure 76, along the invert and on
the tunnel bottom 2-1/4 feet from the left hand corner showed no severe
subatmospheric pressures for: discha.rges up to 173 000 -second-feet. Also;, -
the flow depth was more uniform for the ‘full " width of the tunnel then in
the previous transition. . For 173 000 second-feet, .a pressure of 9 feet ‘
of water’belcw atmospheric rressure was recorded on the transition floor
5 feet downstream from begimming of ‘the transition and 2—l/1+ feet from
the corner. The same pressure was also recorded on the invert 32 feet .
downstream from the beginning of the transition. ‘ ‘Since other pressures
were substantially higher, the tra.nsition was considered suita.ble for
prototype use. : _ ,

The 2-1/2 1 :sloping sill ‘at the downstream end of the basin
produced a good appearing jet and performed satisfactorily ‘when the
basin retained the jump. The sill, therefore, was satisfactory. How-
ever, the length of the basin, the elevetion of the .apron, -and the
elevetion of the discharge channel were yet to be estaulished.

It was decided by -the ‘designers at: this time that the smallest
basin that would hold the hydraulic jump for 12,000 second-feet should
be developed for prototype use.  With the: outlet works discharglng 5,000
second-feet, the powerhouse approximately 3,000 second-feet, and the
spiliway 12,000 second-feet, the river discharge would be 20 000 .
second-feet with the jump reta.ined in the spillway stilling. besin.

Four combinations of ‘basin length, apron elevetion, and dis-
charge channel elevation were tested, Figure 77, to:determine the -
combinations of these dimensions that would meet the 12,000 second-feet -
limitation. In meking these tests, the tail water elevation at Station
24+00, shown in Figure 27, was set fer the spillway discharge plus 8,000
second-feet from outlets and powerhouse. ‘Sweep out, therefore, occurs
at a smaller discharge when only the spillwey is discharging since -the
tail water elevation is lower. This is not an expected opera.ting
condition, however. ‘ ‘ : ‘

The model data in Figure T7 :show that the longer a.nd deeper
the basin the more discharge it can’ ha.ndle ‘before sweep out occurs.
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A higher sill also providec more Jjump capacity as shown by the date. By
interpolation between curves in Figure T7, the most economlical basin to
construct, having a jvmp ecapacity of 12,000 second-feet, is the one
shown in Figure 78. The recommended ba.sin is 130 feet long at apron
elevation 3145 and has a sill at elevation 3170. A factor of safety of
500 second~feet was used so that the model data actually indicated that
the jump for a flow of 12,500 second-feet would be retained in the basin.
The averags velocity of flow immediately downstream from the basin in
the discharge channel was measured to be a.ppro:d.mately 19 feet per
second. :

With the apron at elevation 3ll+5, 1instead of at 3135, the
required excavation was less and the length of the transition and
trajectory curve was reduced by approximately 30 feet. However, with
the basin apron at elevation 3145, it was desirable to raise the roof of
the basin L feet to elevation 3196

A wa.ter-surfa.ce profile: mea.surement for 12,000 second-feet 3
Figure 79, showed that it was necessary for the top of the basin walls
~ to be raised to elevation 3195 or higher to contain the waves within the
basin. The clearance between the water surface and the portel rocof was
approximately 14 feet. It was felt that this clearance, or more, should
be provided for adequate ventilation of the tunnel when the maximum
water-surface elevation occurred with the hydraulic Suamp in the basim.

When the basin perfomed as a flip bucket » it was aJ.so neces-
sary that the tunnel have free air passage from the gate section to the
portal to reduce the possibility of subatmospheric pressures developing
in the tumnel. The recommended design provides sufficient clearance for
all flows up to and including the design flow of 173,000 second-feet.

‘Model. photogrephs of the recommended spillway stilling basin .
discharging cennot be presented because the tunnel portel crown and
the basin walls were never actually constructed to the recommended
elevations. However, Figures TO through T3 and Figure 80 show the
discharge characteristics to be -expected in the recommended design even
though the portal crown and the basin training walls are at elevations
3192 and 3190, respectively, instead of 3196 and 3195, respectively.

The principa.l differences betueen the flow shown in- these
figures and that which will occur in the recommended prototype design
are as follows: The clearance beiween the water surface and the basin
roof will be 4 feet more than shown; the freeboard above the water '
surface on the basin training walls will be 5 feet more than shown; :
and the jet flow through the basin will not climb the basin walls as high as
shown because of the longer transition. The transition 170 feet long
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used with the recommended design provided better flow conditions at the
basin entrance than the transition 150 feet _long used with Basin VII.

River Channel

The river chamnnel d.ischa.rging 20 000 second-feet in Figure 80 o
12,000 through the spillway and 8,000 through the outlet works, shows '
the flow conditions-to be expected in the river channel Just before
sweep out -occurs in the spillway stilling basin. ' The basin shown va.ries
from the recommended design in that the crown of the portal is at ‘
elevation 3192 instead of ‘3196, and the training walls are at elevation -
3190 instead of 3195, The clea.rance between water surface and portal
roof, therefore, would be 4 feet more than is shown and the freeboa.rd
on the 'bra.ining walls 5 feet more. : :

Flow downstream from the powerhouse and outlet works, ‘shown in
Figure 80, has a much rougher water surface than would be encountered in
the prototype because 8,000 second-:f‘eet is being discharged by the out-
lets and none by the powerhouse, whereas, in'the prototype the outlet _
works discharge will not exceed 5,000 second-feet. Noma.lly, ‘the: power- .
house would discharge the additional 3,000 :second-feet. The outlets :
discharging 5,000 second-feet produced good flow conditions in the
channel either with or without the powerpla.nt discha.rging. ' -

Tests were also .conducted'.\to determine the effects of the
spillway discharge in producing a drawdown in the powerhouse tailrace
channel. With the spillway alone discharging 12,000 second-feet, the
tail water surface at the powerhouse was. &t approximately eleva.tion 3182,
With an additional 8,000 second-feet discharged through the powerhouse
and outlet works, the teil water surface at the powerhouse was at .
approximately elevation 3186. When the spillway discharge was increased
to 13,000 second-feet, the jump swept out of the stilling basin and the
tail water surface at the powerhouse dropped approximately 3 feet in
approximately 1-1/4 to 1-1/2 model minutes , which in the prototype
represents 9 to 11l minutes.
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GURE 33
REPORT HYD 414

60,000 second feet

125,000 second feet

C. 173,000 second feet

‘YELLOWTAIL DAM
PRELIMINARY SPILLWAY--RIGHT BAY DISCHARGING INTO. TU‘NNEL
1:54 SCALE MODEL




A. 20,000 second feet

‘B. 60,000 second feet

YELLOWTAIL DAM -
‘PRELIMINARY SPILLWAY--LOW- DISCHABGES IN' T‘UNNEL
1:54-SCALE MODEL




125,000 second feet

Note: standing water' f.m on
.centerline: of»tunnel,caused
by: dwxdmg pzer. o
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- PRBLMNARY STUDIES
FIGURE 28
REPORT HYD 414

‘C. 173,000 second feet

14,000 second feet
just before sweepout

D. -Spillway - 167,000 second feet
14,090 second feet < Outlets - 8,400 second feet
sweeping.out of basin . -Powerhouse - 3,200 second:feet

YELLOWTAIL DAM
PRELIMINARY SPILLWAY--STILLING BASIN DISCHARGING
1:54 SCALE MODEL
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NOTES Circled numbers: designate plezometer locations.
‘Tronsmon invart profile is:zero- pressure dcnum
Zero pressure is ofmospheric pressure N
Pressires above. dotum are above afmospherlc
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REPORT HYD 414

. second feet:
. f&)ﬂlway -8, 60_0'_ :

“:gecond’ feet RASE
‘Reservoir Elev,. 3614 ,
“Powerhouse:tailwater

fluctuates between
.“elevations: 3174 and

‘3175 e

.D-31087

Y . ' P i
FP459.0-31089
‘B, -Outlets - ‘8 200 second feet

. ‘Reservoir Elev. ,3614
,-Powerhouse ‘taﬂwa.ter Elev.
<3174 .

B "

SRR YELLOWTAIL DAM
,,PREL;IMINARYJOU-TLE‘TS;
R 1:54: SCALE ‘MODEL




Outlets -~ bzoo ueeond feet
‘Powerhouse - 3 200 econdafeet
‘Spillway--

Reservoir Elev. ‘3514

YELLOWTAIL.#DAM .
,PRELIMINARY JPOWERHOUSE a.TAlLRACE
: S -54 SCALE MODEL e
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il ~.155-0-31096

A, ‘Outlets - 3,000 second feet
.Powerhouse - 3,000.gecond feet

vas9-0-31097., o 0 o R v'p‘z’sé-b';sf_r)og

‘C. .Outlets - ‘8,400 secondifeet ‘ D. “Scour after: preceedmg
‘Spillway ~ 11,600 .second feet "7 sequence.of flows

M roqund 80 nhlh. to'complete equmee "A" "e!

‘ YELLOWTAIL DAM
PRELIMINARY OU'.I.'LETS EROSION TEST . FOR! :RESERVOIR ELEVATION 3840
1:54: SCALE MODEL.




PRELIMINARY STUDIES

. ‘FIGURE 38
“MEPURT "HYD.- 414
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fnnpon'r,mltm ‘

A “Outlets discharge 8,090 aecond feet Reumir
-elevation’3614. Tanwatertelevation 3178..

B. Outlets discharge 5; 000 secondi feet Reservoir
elevation 3814, Taﬂwater elevation 3179. L

PRELIM]NARY OU'I'LE'I‘ wonxswmsmmscmmme
"1:54/SCALE MODEL.
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PLAN VIEW -
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PA59-D-31153"

A.’5,000 secondifeet . ip Emiona!terdhcharm
Reservoir Elev. DR SRR ; ucond feet, or:one hopr
Tailwater Elev, 3179 o R o P




A. Basin One--The basin is:too short for
‘complete energy dissipation within it.
a:ray forms at converging walls,

P45S 31107

‘B. “Basin One with walls removed--Energy "
~ .dissipation is violent and not completely -
-,cont:inedwithinﬂlebuin., ‘The: huinis o
much:to short. :

| AL DAM ‘ :
omu-r wom msm ONE: mscmammwmn AND mnom:convznamc mau.s
= ma:smmucozn




Buin 'l‘wo--wm- m u toe: otllop‘
‘Energy dissipation is better than:in: Buin
“One, and:action occurs farther. upctroam
lnthebaain ‘No. spray.

K -.9—0'—3111;

Buin ‘Three--Walls are taller- and pp is -
;narrcverthn in:Basin Two. ‘Energy dis-
‘sipation is well upstream and produces

- .smooth water- mrhce m spray. -




Three prezom i

denngiraa:

) -Long tall. wans with nlrm,
:Energy. dhsipaﬁ.on is;well: upstream
ooth water surface. ‘No spray. ‘Basin
‘could be:shortened 37/feet. o

©9-0-3415

Basin: Fm--sm added ,to. Buin‘!'our. _
directs: now to:the surfac Oper- '
sation posoT. p

mu.ow, ALL: DAM . '
omm wonxs ‘BASINS:FOUR AND?FNE msanRGmG
: , ‘1.zs-scm.n MODEL
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B. Bu!n Snen--sm,plaeed 8 0" dm- v
.stream from wcdges. ‘Downstream water
ream surface
‘Basin- eould ‘be shortened
about 170 feet
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o FIGURE 46
“REPORT ‘HYD. 414

o PIEZ "No: 2\‘ ey
PIEZ NO |~ : ' '

ST

| PIEZ ‘NO 3__: T eeznoce
7? ~PIEZ NO.G\ , el
: Pty

pu:z NO 5~ . '

o PIEZ NO 5’ I
PIEZ:NO.6"" ./}
© PIEZ:NO.2” ’.

o ‘PIEZNO.3"
BASIN FLOOR P'Ez NO. 4
EL.3146.4~y

T E L&‘»Er.VVA_'_l'lON‘

1. DISCHARGE . IN CFS_ BT
RESERVOIR ELEVATION (FEET)|
| TAILWATER /ELEVATION (FEET)| @
PRESSURE HEAD AT:PIEZ. NO.1 /|
‘PRESSURE 'HEAD AT/ PIEZ. NO:2 | 5|
| PRESSURE ‘HEAD AT PIEZ. NO.:3 |- 1
| PRESSURE 'HEAD-AT-PIEZ. NO.4'| 13 |-~ 10
| PRESSURE ‘HEAD AT PIEZ.:NO.5/ -11 ‘| 10
"PRESSURE HEAD-AT-PIEZ. NO..6 .| - .11 | .10

~‘Pressure :head -is:in fi_aef of ‘_w&fgr'. "J_‘Zg‘i'é;_‘préssipre" head:is .atmospheric.

YELLOWTAIL DAM

;PRESSURES ON SILL OF OUTLET WORKS BASINII]I
‘ v ‘: 128 SCALE MODEL ‘




‘A. ‘Bagin Ten--Floor elevated 5.6 Ioet and’
-shortened 70:feet. :Stilling action occurs
within the reduced length. ‘Water surface
is-smooth.

/B. . Basin Eleven- ~Walls are moved -tuun
‘Water:surface boil. is lower but w
lurface downstream not as smooth

IO mu.owmn,mu . D '
' OUTLET WORKS: 'BASINS TEN AND. ELEVEN; msanRGmG
N b 1:28 SCALEMODEL
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' %PR_EL)IMINARY&STUDIESM .

. 'FIGURE 49
REPORT HYD. 414

PIEZ ‘NO. 4\
i PIEZ. NO. 3+,
i , S
e~ FIEZ NO l~~ - \
€ ~ ‘

v

PIEZ NO.27

PIEZ.NO.6 |
\ K

: N\,
PIEZNO. 5=~ Y
o 1 1

| L
{-<—-—‘———«~-—.———“||;é' —————— e
‘ PLAN . |

PIEZ. NO. 6~
PIEZ. NO. In,

PIEZ NO..§-~7 SR
BASIN FLOOR
EL.3152%y

BASIN FLOOR
EL. 3146.4~

=" "ELEVATION

| 'DISCHARGE:IN:CFS .~ ... .7 25000 |
RESERVOIR 'ELEVATION: (FEET) ] :3640 -
TAILWATER ‘ELEVATION (FEET) j- 3179

PRESSURE -HEAD AT:PIEZ."NO.:1 : G -
PRESSURE HEAD AT PIEZ.NO.2 ] - ‘ S22
’—PRESSURE HEAD:AT.:PIEZ./NO. 3 : : : ' o8

PRESSURE ‘HEAD AT PIEZ.'NO.4]" f HO k10T
‘| 'PRESSURE:HEAD ‘AT PIEZ. NO.5: T | =9 LB
‘PRESSUREHEAD AT PIEZ. :NO.6 -] = e i R - e -

~‘Pressure head is .in feet Aof;wa're‘t‘-.f j;j'Zer’ro _pressure head is atmospheric.

"YELLOWTAIL DAM

‘PRESSURES ON SILL OF OUTLET WORKS BASIN X
1:28 'SCALE MODEL




,' 'Piezcmle’ré'rs'"cxbng
dowanream edge

" Basin ,iquf-j'- ﬁé&bﬁ#ﬁxﬁenﬂed

o

P459-0 31135
‘Basin Ten

The three p1ezometers are spaced 4 feeta
The. lower one’us 10 feet a.bove:the ﬂoor.




e ooo gecond feet Res. Elev.. 3640 - T.W. ‘Elev. 3177, two.

YELLOWTAIL DAM S V
‘BASIN FOUR' DISCHARGING
1:28, SCALE MODEL :




i YELLOWTA).L DAM
OU'I'LET WORKS BASIN" ’I'EN&DISCHARGING
w1280 SCALE, MODEL




:Basin Four --Recommended , ‘ = Basin Ten

Erosxon Pattern after: 5,000 second: xeet dlscharged for cne hour in the model -

w1th reserv01r ‘at elevatwn 3640

‘ , YELLOWTA]L DAM ' '
OUTLET WORKS BASINS:FOUR AND. TEN—-EROSION TESTS
1:28 SCALE MODEL
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0 LY
PSSO

SR RO GV

vl ‘ . _os-=---Note: After completion of the
i'“E." 32100 o ,/’}7 , model study, basinroof was
SR ;'&' T “.-".":': eliminated and the center
158-5" ~ -~ - Ea =]~ dividing wall extended tofull
4 length of basin. See Figures
8,9, and 10.

< 315 6" >

-

—----38'R <=2

0

~E1. 3146.0

i e 22

'235'1 to oxis of dam ;
@ & Block 13 ) _ ; g
Scale: 1" 30° , S ECTION  A-A
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. PRELIMINARY STUDIES
L o FIGURE :8G.

'Em.. HMYD- RIS

e 17 I
"‘Whenzb-<h,'/Pz'-§- ; .
Swing fParrom o horizontal /e
(h-$) above springing line.

" Hoist Bridge £ 367500~
_Pier ELS&TA00~~
g Max. WS £L.3657
- T ———

-— e

o " NoTE

After completion of the mode! study
‘this'recommended ‘design was reyised
as shown in Fiqures 5,6 and 7.

ST

ares

“Sra3i3s30 8.
By

EL3452.32-3.
o :

Tnfersection oF
:eres?

;WS. Tor @ of 773000 cls—y

i Y

3

t

| Holst bridge £15675007;
—Pier. £1. 3670.00-""
- Warped sorfoce.~ 1
25506/ Wialﬁa,* .%..

B

WVox gobe oprap + 500~

¥ ELJI70.00

Prow

.

Kf""‘—-—-‘—-‘-;"““f—':“

N UNITED. STATES
Y, OEPARTMENT Of TNE INTERIOR

. . ; : . o L . ‘ e ' . : i R BUREAU OF RECLAMATION
‘ AN RS e AR PR - d y ; g - . ; MUSSOULR! IIVER BASIN PIFOTECT
RTELITI0I2y N e . - St . . ; : widd - -

i o ‘ : SO R} - \YELLOWTAIL' DAM -

~

.

’ - N ' . . = ) RECOMMENDED SPILLWAY.
PLELSITEA6y , : Slopes 00054, : CREST AND TUNNEL .~
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- FIGURE'ST =
' /REPORT ‘HYD ‘4ia - f

' 'PRELIMINARY STUDIES

[
|
|
»i

-FIRST TRIAL -
—— —=—RECOMMENDED  REVISION,

: YELLOWTALL DAM
~ REGOMMENDED 'SPILLWAY
-APPROACH GHANNEL TOPOGRAPHY e




A, Approach channel’ (See Figure
57 for recommended revision)

'Pa59-DL3IIS| -

‘E. ‘173,000 second feet




PRELIMINARY STUDIES -

FIGURE 59
REPORT HYD, 414

\‘-_Cresf axis
SECTION A—A -

El. 3670~

\)

‘/ |
/\ ‘ | EL 3641
' \

Ar—
\

Crest El. 3593.0-. .

EL 3580 -~ | Al ST N/ gL 3583

\

CREST SEGCTION

Note: After completion of the model study, crest section was revised
and gate was relocated. See Figures '5,6,7, and 56.

YELLOWTAIL DAM
RECOMMENDED SPILLWAY PIER NOSE




[-143

IN FEET

RESERVIOR ELEVATION

3870 - - T3 T TTPT p IR 3610
i -t SR AL |-GATE %ﬁ%ﬁg‘cm GE CURVES iz f+4A4 4 A3=F BERF RN o *‘;{r—zt PR
3 ‘L /1 1- y.% - p 4 V] § 0 LA [ Te® N’y ?
% PN 14 rgrd LA 11 ¢ 9 ISP 2
b d o § 2 4. L3 Ry af :
3660 H A BV, 3 P 20 ot Y. 0 o et 3660
o= ke g g et o g < ot e FI S ST o o PR S . al
7 4 RO W Q¢ o? Tgs- 4 T
4 . Qﬁ“\" i o, 4 5 ol J KL* -
3650 HT- , . & 9 ST P uin £L36871] —{ 3650
©. e“ V4 Y S O »” ] ﬂxl I~ o
- 5 > 2 A B DISCHARGE | [+ 71
stel=ii4= -5 E NP < ] = 173,000 CF5 1
""""g & 'r r ™ g* A (g" ‘I»" L . I
3640 |- 39-S4- LS 1 kS S/ & P = 3640
1S MW ML) o, 2 = CCEF. OF O +
[:';'r';g Y ~oF A = CHARGE CURVE
MBI -, 4 -
N 1 N A [ ™ o ]
3630 et EEEAL 9 E b
4y A T
A = 3
3620 ¢ = 3820
- -
= E H E 1
17 1 )
%0 A - - 3610
I : A/
3600 3600
. d :
P jcResY e
j -y » 4 Y + T - it
3590 il bt i] 1 N L 1 3590
.0 ) 20 30 40 50 € 70 .80 7. 90 100" Hio - i Tz0 130 140 %0 60 170 10 190 200
: ) DISCHARGE. FOR BOTH BAYS IN THOUSANDS OF SEGOND FEET . 30 31 32 33 34
. - : : - COEFFICIENT OF DISCHARGE
IN THE EQUATION
Q=CLN %
EXPLANATION NOTE

See Figures 56 ond 53 for

© Model test data points
recommended design

t Interpolated points from Figure 6i
& Model check - points

YELLOWTAIL DAM

RECOMMENDED SPILLWAY
DlSGHARGE AND COEFFICIENT OF DISCHARGE GURVES

1:34 SCALE MODEL
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‘PRELIMINARY STUDIES

FIGURE ‘6l
REPORT HYD. 414
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CREST EL. 3593~§‘ A

IEZ. NO. 2
PIEZ. NO. 3-7

R PIEZ. NO. 4--
~PIEZ. NO. |

PIEZ. NO. 5>

|
i
]
!
|
!
1
|
1
|

i
!
u
! [
: I
1

’ |
EL.3580~, | : . , : Sy !
- N ” IR | | !
|<-————|25———->-t<-———-|35-—-~>l-<————135 ————>+<-——— 135" ===

. L PIEZOMETER, PRESSURES ‘ ;

"DISCHARGE IN C.FS. ] 12000 |  es700 | 1495500 | - 86,700 | - 130,100 173,000
HEAD ON CREST IN FEET 6226 | . s78 | - seas 4072 534 | 640
GATE OPENING IN FEET . | APPROX.2 . 25. | .45 | FREE FLOW | FREE FLOW | FREE FLOW

PIEZOMETER . NO. | , 64.8 2. ..42.3 279 oeer | L, 346 405

PIEZOMETER NO. 2 08 | 128 . 230 93 230 - 265
PIEZOMETER NO. 3 4 Ll -85 198 | 184 22.5 . 256
PIEZOMETER NO. 4 05 a0 135 | a8 1 . 0O 21

PIEZOMET'ER NO. 5 L6 | 54 , 126 - “13.0 , 6.2 193

' NOTES Pressures are ot cenferlme of right bay in feet of water.
: Zero pressure is a'rmospherlc pressure.
See Figures 56 and 59 for recommended design.
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100,000 -second feet

173, 000 second: feet
Note: Flow over crest is.t controlled

YELLOWTAIL DAM
RECOMMENDED UPPER PORTION OF TUNNEL. DISCHARGING
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FIGURE 65
REPORT HYD 414

' P45€f‘b“3l,l57‘

40,000 second feet

100,000 second feet

: ; s o '
Note: Flow over crest is uncontroned ‘ 170,000;aeco_ndffeet

YELLOWTAX.DAM
RECOMNENDED LOWER PORTION:OF TUNNEL DISCHARGING
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PRELIMINARY STUDIES
" FIGURE 74
REPORT ‘HYD. aia

@ Designates - piezometer locations.

EL.317I,
Id

BASIN APRON
‘EL. 3145\’

PROFILE ALONG TRANSITION INVERT ¥

'PRESSURES
DISCHARGE | ; EEE\EIE‘}II%'P? -' - o PIEZOMETERS
(CFS b TN FEET Y - SR - 4
15,000 | Sl e | oae 36
20000 - | . 360882 | 18 | 36. | 36
40,000 3617.62 05 | 36 | 50
60,000 3625.00 | ~05 | 22 54
100,000 363785 | ~225 .| --90 ‘5.0
140,000 |- 3648.70 | —45 | -40 l—z7
173,000 3657.00 N==rs T -09

i
T

NOTES Prr’ »sﬁFes are in feet of water.

b3 .See‘ﬁgure 67 for. design shape

| *YE‘L‘LO‘WTA‘IL DAM
“SPILLWAY
PRESSURES IN TUNNEL TRANSITION TO BASIN ]ZI[

1:54 SCALE:MODEL
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FIGURE 75
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‘FIGURE 79
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. RECOMMENDED SPILLWAY BASIN DISCHARGING EXCEPT THAT BASIN
WALLS AND CROWN OF PORTAL ARE AT ELEVATION 3195 and 3186,
RESPECTIVELY, IN THE RECOMMENDED DESIGN,

R YELLOWTAIL DAM
RECOMMENDED SPILLWAY AND OUTLET WORKS--DISCHARGING INTO RIVER CHANNEL
: . 1:54 SCALE MODEL .
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